Abstract: p16
Introduction
Ameloblastoma, a tumor arising from odontogenic epithelium, is histopathologically classified as benign, although it demonstrates locally invasive tendencies into the stroma or surrounding structures. Metastasis of the tumor to the regional nodes and to the lungs is reportedly rare, and in such cases the tumor is typically categorized as malignant ameloblastoma (1) .
The disruption of p16 INK4A expression has been reported in several types of carcinoma. The etiological significance of p16 INK4A , however, remains to be defined in tumorigenesis of a common odontogenic tumor, the ameloblastoma. The cell cycle is important in the neoplastic process (2) . Passage of the cell cycle seems to be controlled by cyclin-dependent kinases (CDKs). The activity of CDKs can be blocked by a group of proteins termed CDK inhibitors. The major target of the G1 cyclin and CDK is the retinoblastoma protein (pRb) (3) . The p16 INK4A protein functions as an inhibitor of CDK4 and CDK6, and it also initiates the phosphorylation of the pRb.
Thus p16 INK4A has the capacity to arrest cells in the G1 phase of the cell cycle, and its probable physiological role is in the implementation of an irreversible growth arrest, termed replicative senescence, an inactivation seen so frequently in human cancers that inactivation of this pathway may be necessary for tumor development (4) (5) .
Protein expression analysis of cancer-related genes may reveal some aspects of molecular mechanisms involved in tumorigenesis. The present study examined the surgical materials from 40 cases, to determine p16 INK4A protein expression with immunohistochemistry and genomic alteration of p16 INK4A with fluorescent in situ hybridization (FISH) analysis. We also investigated any association of altered levels of p16 INK4A expression with clinicopathological parameters, as well as the tendency to recur in these patients.
Materials and methods

Cases
Forty surgical specimens of ameloblastoma were obtained at Hamamatsu University Hospital from 1977 to 2001 (Table 1) . Sites of the tumor were mandible (n=36) and maxilla (n=4). According to the WHO 2005 classification (6), all tumors were diagnosed as solid/multicystic types. Under the conventional histopathological classification system, 16 were the follicular type, 11 the plexiform type and 13 the acanthomatous type. The end of the follow-up period was defined as 27 December, 2002, for all cases. Since the cases investigated in the present study were all solid/multicystic types, we adopted the conventional histopathological classification system.
We collected information about age, gender, site, recurrence, and histopathological classification. Recurrent cases were those which had an additional surgery. The tumors were all enucleated. The mean follow-up period was 162.7 months (range 19-289 months). The age of the patients on admission ranged from 3 to 77 years (median 37.4 yearold), and the male-to-female ratio was 1.85:1. Surgical specimens were fixed in 10% formalin and routinely processed for paraffin-embedding.
Microarray construction of tissue
For tissue microarray construction, hematoxylin and eosin (HE)-stained sections were reviewed to locate representative tumor regions (7) (8) . Tissue cylinders with a diameter of 2 mm were then punched from tumor areas (typical histological type areas) of each donor tissue block and incorporated in a recipient paraffin block using a Tissue Microarrayer (Beecher Instrument Inc., Sun Prairie, WI, USA). Samples for all tumors were distributed in one regular-sized paraffin block for the 40 tumors. Five-μm sections of the resulting tissue microarray blocks were transferred to poly-L-lysine-coated glass slides for further analysis.
Immunohistochemical staining for p16
INK4A and Ki-67 Mouse monoclonal antibodies against p16 INK4A (clone E6H4, Dako, Grostrup, Denmark) and Ki-67 (MIB-1, Dako) were used as the primary antibodies. The secondary antibody labeling and visualization were conducted with a p16 research kit (OA31S, Dako). A polymer agent (dextranconjugated goat polyclonal antibodies against mouse IgG) was used as the second antibody, and 3, 3'-diaminobenzidine tetra-hydrochloride was used as the chromogen. The sections were then counterstained with hematoxylin. For epitope retrieval, sections were heated in 0.01 M citrate buffer (pH 6.0) in a microwave oven (10 min at 700 W) for three times and allowed to cool to room temperature for 20 min. The stains were graded either (a) negative when there was complete absence of staining in the tumor cell nuclei, with adequate nuclear staining in the surrounding normal stromal cells as a positive internal control; or (b) positive when tumor cell nuclei were positive. Small lymphocytes, which showed no nuclear staining, were used as a negative internal control. The samples were assayed in batches including both negative and positive patients.
The positive cases were classified into three groups (grades 1, 2 and 3) in which positive cells were less than 20%, 20%-60% and more than 60%, respectively, based on observations by two independent pathologists (Fig. 1) . Brown Ki-67-positive nuclei in the positive neoplastic epithelial cells were readily identifiable. The labeling indices were established by counting the number of positive tumor cells and expressed as the proportion of the total number of tumor cells in 3 adjacent high power (× 400 objective) fields.
Fluorescent in situ hybridization (FISH) analysis
The FISH analysis of ameloblastoma tissues was carried out as described previously (8) (9) (10) After treatment in 0.2% pepsin/0.01 N HCl for 10 minutes at 37℃, the samples were aged in 0.1% NP-40/2 × SSC for 10 minutes at 37℃, and their DNA was denatured by treatment in 70% formamide/2 × SCC for 5 minutes at 85℃. Ten ml of the probe solution (hybridization buffer, 7 μl; probe, 1 μl; DW, 2 μl) was then placed on a glass slide with a cover slip. The sample slides with the hybridization mixture were then put in a microwave processor (MI-77, Azumaya Company, Tokyo, Japan). The samples were irradiated for 3 sec (2.45 GHz, 300 W) with a temperature sensor set at 42℃. Each specimen was subjected to MW-intermittent irradiation during the initial period of in situ hybridization (ISH) for either 15 minutes or 1 hr. DAPI II (4, 6-diamidini-2-phenylindol, 125 ng/ml, Vysis) was used for nuclear counterstaining. The samples were promptly observed using a fluorescence microscope equipped with epifluorescence filters and a photometric CCD camera (Quantix 1400, Olympus Optical Company, Ltd., Tokyo, Japan) in the Animal Experiment Facilities, Hamamatsu University School of Medicine. The captured images were digitized and stored in an image analysis program (CytoVision; Applied Imaging, Olympus). The number of signals per cell was counted for a total of about 80 cell nuclei. The signals of normal stratified squamous epithelium were monitored as a control (Table 1) .
Statistical analysis
The χ 2 test was used to compare the p16 INK4A expressions among cases and between various clinicopathological parameters. On Ki-67, the mean and standard error of the mean (SEM) were calculated. Probabilities of less than 0.05 were considered to be significant.
Results
Immunohistochemical staining
Immunohistochemical results for p16 INK4A protein (P16) in the 40 cases of ameloblastoma are shown in Table 1 . Among the 40 cases, 25 cases (62.5%) showed detectable P16 expressions. There was no apparent correlation between the immunohistochemical positivity and patient age or gender (Table 2 ). However, there were several different P16 expression tendencies among the three histopathological subtypes. In the follicular type (Fig. 2a) , P16 positive (+) signals were found in peripheral tumor cells as well as in central stellate cells (Fig. 2b) . In the acanthomatous type, P16+ cells were found in the periphery of tumor cell nests as seen in the follicular type. In the plexiform type (Fig. 3a) , P16+ cells were found sparsely over tumor cell nests in most of the cases. Correlations between the expression of P16 and histological types are summarized in Table 3 . The positive rate (P16+ cases among all follicular type cases) was 87.5% in the follicular type, 61.6% in the acanthomatous type and 27.2% in the plexiform type. The difference in the P16 positive rates between the follicular and plexiform types was statistically significant (P=0.001). However, there was no apparent differentiation between the follicular and acanthomatous types (P=0.33) or between the acanthomatous and plexiform types (P=0.09).
When their immunoreactivities were scored, the totals were 2.35 ± 0.22 for the follicular type, 1.62 ± 0.18 for the acanthomatous type and 0.37 ± 0.18 for the plexiform type. Their differences between the three histological types were statistically significant (P=0.001) ( Table 4) . It was thus expected that ameloblastoma cases with higher P16 expression levels tended to recur. However, when the association of P16 expression levels with postsurgical recurrences was analyzed in all 40 patients, 9 out of 25 P16+ cases (36%) recurred, whereas 4 out of 15 P16 negative (Table 2 ) (Statistically, not significant). The total of 13 recurrent cases were composed of 7 follicular types, 5 acanthomatous types, and one plexiform type. There was a significant statistical difference in the recurrence rate between plexiform types and the other types (P=0.05) ( Table 5 ).
Ki-67 labeling index
There were differences in the percentage of Ki-67 positive cells between the histological types ( Table 6 ). The labeling index for all cases of follicular type was 2.36 ± 0.25% (mean ± SEM), and 2.26 ± 0.27% for acanthomatous type, whereas the labeling index for all cases of plexiform type was 7.65 ± 0.91%.
FISH analysis
We studied the genetic alteration in p16 INK4A with FISH in 40 ameloblastoma specimens ( Table 1) . Signals of p16 INK4A and chromosome 9 generally showed both diploid patterns in all cases and in all histological types (Figs. 1c &  2b) . The range of the number of signals of p16 INK4A and chromosome 9 were from 1.50 ± 0.41 to 1.96 ± 0.09 and from 1.59 ± 0.29 to 1.91 ± 0.06, respectively. Compared with that of the control (1.67 ± 0.34), no apparent difference was recognized; thus, ameloblastoma cells had two copies of chromosome 9 without p16 INK4A (9p21) deletion (Table 1) .
Discussion
Tooth germs consist of two main components, the enamel organ and the dental papillae. The morphological alteration and inductive relationships between the various parts of the normal tooth germ are reproduced in many of the tumors and tumor-like lesions of the odontogenic tissues. Thus the observation of these features is important for the proper identification of lesions (6) . Ameloblastomas arise from the dental lamina or a derivative (enamel organ, epithelial rests and follicular cysts), and this tumor is biologically classified as a benign tumor, even though it often has an invasive character with a tendency for occasional recurrence. Distant metastasis has been documented in rare instances, especially to the regional nodes and to distant organs (1) . We tried to determine whether cell cycle regulation or alteration played key roles in the oncogenesis and cytodifferentiation of odontogenic epithelia. We therefore examined a cell cycle-related factor, p16
INK4A
, in ameloblastoma tissues. Serrano et al. identified two different negative regulators of cyclin kinases. Their data suggested that p21 affects cellcycle arrest induced by p53 (3). p16
INK4A is proposed to act both upstream and downstream of Rb to form a negative feedback loop which regulates the ability of Rb to prevent cell proliferation. Nobori et al. detected deletions of the cyclin-dependent kinase-4 inhibitor gene in multiple human malignant tumors, including malignant melanomas, gliomas, lung cancers and leukemias (11) .
Accumulated evidence indicates a close link between 5' CpG island methylation in the promoter region, and the transcriptional block of the p16 INK4A gene in various human tumors (12) . Extensive analysis of p16 INK4A promoter methylation in human head and neck squamous cell carcinoma has also demonstrated a high level of inactivation that correlates exactly with the immunohistochemically assayed absence of p16 INK4A protein expression (13) . Additional studies have now established the importance of p16 INK4A methylation as a major mechanism of tumorigenesis in many different tumor types (14) (15) 
